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ABSTRACT

This paper deals with the problemof, estimating the parameters of Pearson’s Type III popula-
tion from generalised! censored saniples. Maximum likelihood method is employed to arrive at
the estimates. The ML equations arenot readily solvable, This has been facilitated by
providing a few graphs and tables. Standard errors (s.e.) of the estimates have been obtained by
the method of scoring. A numerical example is discussed to illustrate the practical applica-
tion of the method.

) INTRODUCTION

Tae problem of estimation of parameters from censored samples has been considered
by Hald?, Cohen3, Gupta?, Des Raj® and others for various types of distributions. Unlike
the problem considered by these authors which involve censoring at two stages only, we
are often confronted with situations wherein. censoring occurs at multistages owing to the
presence of & number of factors béyond control in the observations recorded. To cite an
illustration, suppose, we are interested in the study of life of radio tubes or general stores
where the life is a random variable. Let N radio tubes be selected randomly from a lot
and put to test. Out of this suppose k items fail by the end of time ¢ . During this period,
if ny, ny. .1 tubes are either damaged or lost at different intervals, say, &'y, t'5. .. .87 , it
means that no information is available as to when these tubes fail. The only information
available is that they have survived upto the time #';, '5...... ¢';. Similarly we may have
to face another situation wherein, life of tyres or likewise other major parts of vehicles
under field operations is under study and some of the vehicles are either transterred to
other units or damaged due to war operations during the period of experimentation. Such
type of data may be treated as a sample censored at various stages. Bartholomew® has
discussed this type of problem for exponential distribution and lyer and Singh! for normal
distribution. Sampford and Taylor” have considered a similar problem in randomized block
experiments. -

-

In this paper the method of maximum likelihood is employed to arrive at the esti-
mating equations which by successive approximations would yield the estimates of the
parameters. To solve ML equations, the sample values are used as first approximations
for m and o. But for ay the sample estimate would be biased especially when proportions

"censored are large. This would necessitate comparatively greater number of iterations for
the final solution. To get over this difficulty a graphical procedure to estimate a3 to a
satisfactory degree of accuracy for samples conforming to Type IIT Distribution has been

evolved. Again the likelihood equation for «; involves a factor ?i* log F(n) which

3
makes the solution intractable. This has been simplified by providing a table at the
appendix for various values of ag and 7. Standard errors of the estimates have been obtained

by the method of scoring.
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" (2.b) Estimating Equations.

The likelihood function for a sample arising fmm a swuatmn a8 dlSGuSSGd in section (1)
may be written as -
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Equating to zero the first partxal denvatlves of the logarithm of the @. b. 1) w1th respect
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Substxtutmg the value of S from (2.b. 2) in (2 b.3) and (2.b 4) We get
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‘The equation (2 b.5) can be re~w-r1tten as o
DA —k——a 1.
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Putting & = ag + 8 in (2: b.6),, as%elng first estlmm?e of h, and 8 the eorrectlon factor;

the lmear estlmate of 3 is
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are the estimates‘of the parameters.
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A indicated in sectlon (1), the main difficulty in solvmg the above equatlons is to
obtain an approximate and reasonable estimate of as. This hasbeen over come by construct-

ing a few graphs (Figs. 1, 2) show_u;g the gglatlon between a3 and )t =
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Salvosa’s tables® where z;, 2, and 2, are the standard deviates for gi{rer; Py, ps and p. Tt can
Ly EEad bty
be seen that A is also equivalentto il : :3
' R TV T WPy S . -
ponding to the cumulative probabilities p;, p, and p,. Taking py = -6, -7, -8and -9
depending upon the point of ‘maximum censox;%‘ng in the sample, the values of A can be

here t;, {, and ¢, are observed values corres-

determined from sample for p, = -3, py= b (or py = -1, p, = :2). Using this
A, ag can be read from the graph corresponding to the set of values of p;, p, and pg
actually taken in the calculations, After knowing ag, o and m are evaluated from (2.b.5)
and (2.b.7) respectively where first estimates of n;’s are obtained from py’s by: using

o J S
Salvosa’s tables and taking p; = k; /.(N — 2, ) 8 1s then calculated “from” (2.1{).8)L to
’ ; ¥ o= . TR .
improve the first estimate of oy with the aid of the table appended. After this the cycle -
‘repeats and the ML estimates of parameters are obtained by successive approximations.
The actual procedure is illustrated in the example discussed in section (4).
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PREGISION OF ESTIMATES

To obtain ‘asymptotlc variances and covariances of the estimates, the symmetric

AAA

information matrix I (m, o, ag) is constructed. The elements of this matrix are
calculated by scoring. process of Fisher?. On mversnon it will' provide the s.e’s of the

A A

estimates. m, o and ag are taken i in order.
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noted from the table (appended) as detailed in introduction.
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. NUMERICAL EXAMPLE

L H B ~ . H NG T | .

A random sample of size one hundred was taken by using Salvosa’stables with m= 10, o
=1 and az="5. Let the number of observations », and n, not available at t', = 8-8169, t',=
9-7674 be 5 in each of the cases. Taking #; = 11-0173 and k =80, the sample yields the
following: : o S :

®p = 9.75204, §2 = 0-53318
y——1-26526 =~ =10 R
=3, Py = B, pa— 8 R ‘ : _\,\; . o

ty= 9-3868, 1,—9-T674, ;= 10-4573 and A = 0-355,
therefore the graph (Fig. 1) correéponéing to b'S%givesk}‘
ay=0-54
and equétion‘s (2b5)an61 (2.b.7 ) gives, ' R . P
o =0-82332,  m—o9-83038.
Wit,h tl/te help of ‘ghese estiémates,f;we get from (2./b.'8_) iA
§ = 0-1600 . o ‘
tl%erefo;;e _corrected 3= 07 4.

3 R s FUOAYA : i & s iy E
 Starting with this set of m, o and a, thyee more sets of apprbjtim‘aﬁiansﬁre obtained by
iteration and shown in Table I, Values of equations (2.b.5), (2.b.7) and (2.b.8) are also
given for corresponding sets of approximations which indicate the nature of the convergence
of the method, - TR e e . , L
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Tapeel. ITERATIVE ESTIMATION OF PARAMETERS AND VaLves oF Equarions (2.b.5),(2.b.7) axp {2.b.8)

A » . {a‘\.-, ~ 3 T@bs) | @b @.h.8)
82332 | 0-88038 ‘540 1600 | -15424 12773 01705
74844 9-98445 700 2040 01104 00827 | -01387
75282 | 9-97709 740 2050 00069 00184 | . -00442
75245 9-97904 45 -2004 -00000 “00011 | 00190

* ¢is the sample mean and &* the sample ﬁarianée. ‘

Variances and covariances of the estimates are a.lso determmed from (3.1.) and given
- below: 3

Var (m ) = 0-009397, Var (a) - o -008905, Var (Ls) = 0- 118292
Cov (mo-) — 0005169, Cov (ma3) = 0-007066, Cov (o-, aa) = — -0-020919
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